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Launching a Bose-Einstein condensate in an optical guide 

Guided atom laser (outcoupled from a trapped Bose-Einstein condensate) 

This method gives access to the « trajectory » 
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Bragg interference condition 
Stop band 

_ Reflection > 99,99 % 

Is it possible to develop « dieletric » atom optics elements? 
Iacopo Carusotto – Luis Santos (1998- 2002) 
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A : dominated by quantum 
reflection, small penetrability  
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A B 



lattice spacing 

Red : allowed; blue : forbidden 



U
0	
  

Before 

After 

Before 

After 

Red : transmitted ; blue : reflected 





U
0	
  

The response of the system contains a fingerprint of the band structure 
of the lattice 
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Experiment: example of result 



Experiment              Numerical simulation      

Ch. Fabre et al. PRL 107, 230401 (2011)  
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The envelope « projects » the band gap in position space 
Spatial gaps 



Simulation 
P. Cheiney et al. EPL 103, 50006 (2013) 

A Landau Zener transition projected in position space corresponds to 
a tunnel event through the barrier provided by the local band gap. 
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FIG. 6: (Color online) (a) Sketch of the potential (26) for a square lattice realized with Gaussian

beams (see text). The Gaussian parameters are the following xR/w0 = yR/w0 = 20. Spatial gaps

in black for different values of the pseudo-energy E0 and the potential depth U0: (b) E0 = 0.05ER

and U0 = ER/2 (c) E0 = 0.25ER and U0 = ER/2, (d) E0 = 0.35ER and U0 = ER (e) E0 = 0.5ER

and U0 = ER/2.

(ii) we fix a pseudo energy E0, and (iii) we plot a black dot if the pseudo-energy corresponds

to a gap. This representation gives a direct insight on the shape of the cavities that can

be designed in 2D. Actually, the Mathieu exponent becomes an anisotropic vector in 2D at

each position and cannot be therefore plotted on a 2D diagram. Interestingly, cavities with

different topologies can be designed. In Fig. 6, we give a few examples of simply (d) and

non-simply (b,c and e) connected cavities depending on the pseudo-energy and potential

depth.

Figure 6d billard for chaos (INPUT DE BERTRAND).

We also emphasize that this technique provides a new method to generate curved wave

guides as illustrated in Fig. 6(d)) [38–40]. The generalization in 3D of cavities delimited by

spatial gaps corresponds to a quantum dot for atoms.
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Evolution of the wavepacket 
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v0 = 11.25 mm.s-1 

Δv = 6 mm.s-1 

U0=2ER  

Experiment Simulation 

P. Cheiney et al. PRA 87, 013623 (2013) 







Strong coupling 

Weak coupling  
(between longitudinal and 
Transverse degrees of freedom) 

G. L. Gattobigio et al. PRL 107, 254104 (2011)  
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G. L. Gattobigio et al. PRL 107, 254104 (2011)  





PRL 85, 5483 (2000) 
Schmiedmayer (Innsbruk)  

PRL 89, 220402 (2002) 
Birkl (Hannover) 

PRL 85, 5543 (2000) 
Pruvost (Orsay) 





G. L. Gattobigio et al. PRL 109, 030403 (2012)  
I2/I1  



A splitter as a result of a chaotic dynamics 

The zone overwhich the chaotic behavior takes place decreases with the 
angle between the two arms of the beam splitter 



Confinement : the LAP breaks the mapping between classical and 
quantum predictions since the harmonicity of the guide is destroyed 
by the LAP   

1) Tunnel effect (small size defect) 
2) Diffraction 
3) Interference (long time) 



Guide + a lattice at 45° degrees 

Influence of the confinement (numerical results) 
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1D realization of a Bragg mirror,  
of a Bragg cavity, selective filter  
by amplitude modulation 

2D emergence of chaotic behavior,  
realization of a beam splitter  
assisted by chaos, influence of the 
 confinement on the scattering  

-> design new kind of tunnel barriers 
 by shaping the lattice envelope 

-> new system in which one can 
    study quantum chaos 

-> development of guided atom optics 
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